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INTRODUCTION AND SUMMARY

INTRODUCTION

This report is submitted in compliance with Item A002, Exhibit A, of Contract
N62269-76-C~0199, This application study final report considers the feasibility of
“replacing the existing F-14 Caution Advisory Subsystem with a Master Monitor Dis~
play (MMD). This study shows that it is entirely feasible to incorporate an MMD into
the F-14 aircraft, in spite of the fact that the F-14 is in the advanced stage of produc-
tion. Moreover, this addition would enhance the pilot's effectiveness as manager of
a number of highly complex aircraft systems. This is accomplished by reducing the
pilot's workload, particularly during times of crisis.

In any aircraft, some means of monitoring the inflight operating status of those
systems that are required to maintain and ensure safe flight is necessary. In the
past, and particularly in the F-14, this need has been met by use of a Caution Ad-
visory Indicator (CAI). The CAI receives discrete information (go/no-go) from a
number of sensors located in the various systems throughout the aircraft., In the
event of no go conditions, CAI circuits are activated, lighting appropriate backlighted
legends and furnishing readable messages to the crew, Over the years, as aircraft
and systems technology have grown more and more complex, the task of monitoring,
and particularly of displaying the proper malfunction message has become more and
more difficult for the CAI method.

The advances in technology demand a computerized display which would not only
indicate out-of-tolerance conditions or malfunctions, but which could make decisions
based upon multiple parameters, and display the proper message for the situation.
Therefore, this message should accurately summarize the situation and, in addition,
it should provide the appropriate required action on the part of the crew. Such are the
functional requirements of the MMD. In order to fully exploit the capability of such a
display, the on-board systems must be computer managed, providing a variety of in-
formation such as degree of degraded performance, mode, back up modes available,
etc., as opposed to the discrete go/no go information of the CAI system described.
This information would be supplied to the MMD via a data buss such that discrete wiring
would be held to a minimum, All signal information would be in the same digital
word format.

This study considers the feasibility of replacing the existing F-14 CAI with a
practical MMD., Toward that end, an MMD has been proposed that meets the stated
functional requirements without the computerized input signal information and fea-
tures. The reason for not computerizing the MDD is that its incorporation would re-
quire extensive redesign of the F-14. The recommended approach represents the
most practical solution to development and flight test of an MMD for the F-14 aircraft.

The three major tasks outlined in the Contract Statement of Work are arranged
and discussed as discrete packages. Therefore, Task 1 contains and discusses those
items listed under Task 1 of the Statement of Work., Tasks 2 and 3 contain and dis-
cuss their respective statement of work items. The following summary briefly de-
scribes the proposed F-14 MMD.
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SUMMARY

The following is a summary of the features of the proposed MMD: For reasons
of practicality, an MMD is proposed for the pilot only in the F-14. This MMD uses a
cathode ray tube (CRT) as a readout, and automatically displays fault and required
action for all detected faults in page format. In addition, if the detected fault is a
caution, a master caution indication is provided. Since the recommended approach is

to retain all of the present warning indications in the F-14, no such master warning
indication is provided.

The MMD allows the pilot to manually select the following displays:

e All system status
e A single system with status of its subsystems

T e Panltrinformation for att-faults contained-in-a-selected-system- -

e Fault history.

The MMD incorporates a priority feature which provides that warning displays
have p¥iority over all other displays and automatic displays (detected faults) have
priority over all manually selected displays.

2
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TASK 1 1

Task 1 contains the following;

e Table 1 lists the existing F-14 input signals that will be available to the MMD,
Table 1 also provides the conditions specified for each signal. The first 47
signals listed are in the front cockpit and are used for the pilot's CAI, Sig-

nals 48 through 61 are located in the rear cockpit and are used for the NFO's
CAIL

e Table 2 lists the F-14 mission modes. The Pilot's Display Control Panel is
shown in Figure 1. The Head-Up Display (HUD) and Vertical Display symbols
for the various modes are shown in Figure 2 through 22,

e An F-14 sensor block diagram is shown in Figure 23. The F-14 Caution
Advisory Indicator front panel is shown in Figure 24.
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TABLE 1. INPUT SIGNALS TO F-14A CAUTION-ADVISORY INDICATOR (PILOT}

Signal Type Conditions
1. L Fuel Low (C) Legend Not llluminated (Go): Open Circuit
Legend llluminated (No Go): +28 (+7.0, -4.6) vdc, 10 MA
2. R Fuel Low (C)
3. Bingo
4. L Ramps (C)
5. R Ramps (C)
6. Oxygen Low (C)
7. L Inlet (C)
8. R Inlet (C)
9. L Ovsp/Valve (C)
10. R OVSP/Valve (C)
11. L Oil Hot (C)
12. R Oil Hot (C)
13. L Gen (C)
14. R Gen (C)
15. Ladder (C)
16. Bleed Duct (C)
17. L Fuel Press. (C)
18. R Fuel Press. (C)
19. Canopy (C)
20. Inlet Ice (C)
21. Hyd Press. (C)
22. Trans/Rect (A)
23. Wshld Hot (A) }
24. Launch Bar (A)
25. Rudder Auth (C) Legend Not llluminated: +4.5 0.5 vdc (Go)
Legend lluminated: 0.0 (+0.5, -0.0) vdc (No Go)
Source Impedance: Not lllum-Less Than 100 Ohms
1Hum -0.0 Ohms to Open Circuit
Load: 5K Ohm Min in Parallel With 5000 PFD Max
26. Spoilers (C)
27. Auto Pilot (C)
28. Yaw Stab. Op (C)
29. Pitch Stab. 1 (C)
30. Roll Stab. 1 (C)
31. Yaw Stab. Out (C)
32. Pitch Stab. 2 (C)
33. Roll Stab. 2 (C)
34. Hz Tail Auth (C)
35. Mach Trim (A) J
36. CADC (C) Provide Voltage (+ 12v Min, + 28v Max) for Collector of NPN Transistor
for Conditions:
37. Flaps (C) Legend Off: Saturated (Less Than 0.4 vdc)
38. Glove Vane (C) 10 ma Sink Current

Legend On: Open (Cutoff Transistor)
25 yamp Max Leakage
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TABLE 1. INPUT SIGNALS TO F-14A CAUTION-ADVISORY INDICATOR (PILOT) (Cont)

Conditions

Legend Not llluminated: Open Circuit
Legend Illuminated: Ground (A/C Gnd)

{

Legend Not liluminated: Ground (A/C Gnd)
Legend llluminated: Open Circuit
Legend Not llluminated: Open Circuit
Legend Illuminated: + 28vdc
Legend Not llluminated: Saturated Transistor to Ground (Less Than 4 vdc)
Legend Illuminated: Open (Transistor Cutoff)
25 pamp max leakage
Activated From Either or Both Inputs
Input 1. Legend Off: Saturated Transistor to Ground
(Less Than 0.4 vdc)
Legend On: Open (Cutoff Transistor)
25 pamp Leakage Max
Input 2, Legend Off: Return to A/C Ground
Legend On: Open Circuit
Legend Off: Open Circuit
Legend On: Ground, 45 ma, Max Sink Current
Legend Off: Open Circuit
Legend On: Return to A/C Ground
Flashes On & Off (Square Wave, 4 pps)

(Not Used)

In addition, the following signals are used and are available:

Signal Type
Qil Pressure {C)
AHRS (A)
Integ Trim (A)
Wing Sweep (A)
Alt Low" (A)
Reduce Speed” (A)
Wing Sweep” (W)
Auto Throttle® (C)
Wheels " Warning)
. Film Low (A)
. RDR Enabled (C)
. C&D Hot (C)
. Cooling Air (A)
. Fuel Low (C)
. Cabin Press. (C)
. MSL Cond (A)
. Canopy (C)
. Oxy Low (C)
. AWG-9 Cond (A)
. Nav Comp (A)
. AHRS (A)
. Fuze HV (C)
. IMU (A)

* Remotely located from CAl

® Dimming Signal (Discrete} + 28vdc
® Test Signal (Discrete) + 28vdc
® Master Caution Reset Ground (Ov)

Legend Not llluminated (Go) - Open Circuit
Legend llluminated (No Go) - + 28 (+ 7.0, -4.6) vdc
20 Milliamps Max

* %

\
Legend Not llluminated (Go) - Open Circuit

Legend llluminated (No Go) - Ground (A/C Gnd)

Legend Not Illuminated (Go) - Ground (A/C Gnd)
Legend fliuminated (No Go) - Open Circuit

** Signals numbered 48 through 61 are located in the rear cockpit and are used for the NFOs CAl
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TABLE 2. F-14 MISSION MODES

Mode

Submode

. Takeoff

. Cruise

. Air-to-Air Attack

. Air-to-Ground Attack

. Landing

MOO®W» OWP TMOUOWP UOTDP ®p

. Tacan
. Manual

. Vector

Tacan

. Destination
. Manual

. Manual Gun

. Sidewinder (AIM-9)

. Sparrow Boresight (AIM-7)
. Sparrow Normal (AIM-7)

. Phoenix Normal

. Phoenix Boresight

. Computer-Target or IP
. Computer-Pilot (Bombs)
. Computer-Pilot (Gun/Rockets)

. Vector

Manual

. Tacan
L ILS

ACL

Modes are selected by activation of mode select switches (Figure 1).
Switches illuminate when selected indicating operating mode

Pilot also knows mode by displays presented on VDI and HUD
Various displays for each mode are shown in Figures 2 through 22
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PITCHSTAB 1 ROLL STAB 1 YAW STAB OP
PITCHSTAB 2 ROLLSTAB 2 YAW STAB OUT LADDER
FLAP GLOVE VANE SPOILERS OXY LOW
HZ TAIL AUTH RUDDER AUTH AUTO PILOT INLET ICE
(o
A LINLET RINLET OlL PRESS BLEED DUCT
U
T
| L RAMPS R RAMPS L OVSP/VALVE R OVSP/VALVE
(e]
N
L GEN R GEN CANOPY BINGO
L OIL HOT 1 [ R OIL HOT CADC [ HYD PRESS ‘I
L FUEL PRESS R FUEL PRESS L FUEL LOW R FUEL LOW
A
D
\%
M WING SWEEP
v -
TRANS/RECT MACH TRIM WSHLD HOT. LAUNCH BAR
INTEG TRIM AHRS

Figure 24. F-14 Caution Advisory Indicator
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TASK 2

Task 2 includes the following:

Matrix - Table 3 is a matrix of MMD inputs vs outputs. The same table is
included as part of the MMD specification.

Analysis of F-14 signal data available to MMD
Requirements to add course of action

F-14 equipment deleted with addition of MMD
Summary of weight, volume, and power deltas
MMD design

Recommended format for display of information
Other uses of MMD

Shopping list of complexity vs amount of information displayed.

The F-14 cockpit layout with the MMD is shown in Task 3 in Figures 39 and 40 as
part of Implementation Problems.
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TABLE 3. MMD INPUTS VS OUTPUTS

rO0O@W®WP®®PP PP
332833352550
So Q8% 5700l
n2 O o 54D ) >
o e g g
&
MMD
© & - = Inputs
(sl Halo] 0O 0v0OO0 |8
00—100300&00 5
o ) 5 s
2
O
=
a:
NN RN o
oooo:‘ooooomogaa >
5535550523822 2 MMD
T A e o @ Outputs
X X Remote Warning Indication
X XXX X X X X X Master Caution
X ACLS/AP Disengaged
1. Take Control - Land Manually
X AHRS/Compass Controller Failure
1. Use INS-IMU
2. Avoid IFR Fit if INS-IMU not Avail.
X Auto Pilot Failure

1. Check A/P Mode Failure
2. Recycle A/P Engage
X Auto Throttle Disengaged
1. Assume Manual/Boost Control
2. Satisfy APC Interlocks
3. Reengage APC Auto
X Brakes
1. Anti Skid - Off
2. Caution-Modulate Brakes
3. Release Emergency Brake
A/P Ref Not Engaged
1. Depress Ref En'gage Button
Bingo
1. Fuel Remaining is Reqd to Return to Base
Bleed Duct
1. Air Source - Off
2. Ram Air-Increase (< 300 KIAS/0.8 IMN)
3. Land-ASAP
CADC Failure
1. Master Reset-Depress — If Fault Remains
2. Remain Below 1.5 IMN
Canopy Unlocked
1. Canopy Handle-Boost Close
2. Visors/Seats-Down
3. Stay Below 200 KIAS/15,000 Ft
4. Land ASAP
L(R) Fire
1. Throttle Attected Engine Idle
2. Air Source - Off
3. If Fault Goes Away-Check Fire Det Sys
If Fault Remains or Fails Fire Det Test
. Throttle Aftected Engine Off
5. Fuel Shutoff Affected Engine/Pull
6. Land ASAP
7. 1f Fire Persists - Eject

-
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT’D)

uyiny |'ey zH
Mo AxQ
aueA 3A0|D
uan y

uan

'ssaid |1aN4 Y

apAGY
20

SUEJJ_ 'xes
20
20

9pA O
OpA 82
sues) 440In)
pA 82
OpA 82

opA 8Z

'ssald |an4 7
Mo 1an4 Y
Mo 13n4

opA 8Z
opr gz
opA gz

aAnoeU|

3oy

MMD Inputs

MMD
Outputs

x
x
x
x
x

X X

XX XX

X X

X X

Remote Warning indication
Master Caution
L(R) Fuel Low
1. Dump Switch-off
2. Fuel Distribution-Check-Balance
If Wing/Ext Fuel Remains:
3. Wing/Ext Trans Switch-Oride
L (R) Fuel Press.
1. No A/B Above 15,000 Ft on Affected Engine
2. Fuel Distribution-Monitor/Balance
3. Land ASAP
If BothL&R Faults Occur
1. Descend to < 25,000 Ft
2. Maintain Cruise Power or Less
3. Land ASAP
L (R) Gen Off Line
1. Affected Gen-Off/Reset, Then Norm
If Fault Remains:
2. Affected Gen-Test
Fault Goes Away-Distr Sys Problem
Fault Remains-IDG/GCU Problem
If Both L&R Gen Faults Occur
1. Generators - Cycle
If Temp Loss of Comb Press. Causes
Emerg Gen to Drop Buss 2
2. Emerg Gen-Cycle
3. Land ASAP
Glove Vane
1. Check Hyd Pressure
2. Maneuver Devices-Retract
3. Master Reset-Depress
Oxygen Low
1. Cabin Alt < 10,000 Ft
2. Mask-Off
3. Oxy Switch - Off
4. Oxy and Mask on For Landing
HZ Tail Auth
1. Master Reset-Depress (10 Sec)
2. > 400 KIAS, Restrict Lateral Control to % Throw
3. No Oversweep on Deck

33
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT'D)

S99V IDDD
Ze8855¢2¢23
A S T
LI i iR R
g pEdceo
ERSE
ssasandls
comwm;mm;fz MMD
Qs sssadngls Inputs
0006 06 §
5
& =S
< ® MMD
e Outputs :
d {
4 |
— e e S G e —_—Ji
|
X X Remote Warning Indication |
XX XX XXX Master Caution |
MMD Fault & Course of Action |
X Reduce Speed !
1 Decel 1o - 280 KIAS
2 Check Flap Handle 0
3 Master Reset Depress  Then Repeat Cmd
XX XX Roll Pitch Stab. 1 or 2 Failure
1. Cycle Appropriate Stab Aug Sw
No Corr Action ot Limitatior |
if Both 1 & 2 Roll/Pitch Stab. Faults Occur
1 Auspeed  Decel to Stab. Limit |
‘ Pitch  Not Restricted 1
| Roll 093 IMN
| 2 Wair 10 Sec tor Self Test
\ 3 Recheck Faults
j It One Fault (1 or 2) Goes Away  Reset Stab Aug  No Limits
It Both Faults (1 & 2) Remain
1 Leave Stab Aug. - Oft
2 Stay Befow Stab Limuts
Warning Do Not Engage ACLS or DLC
X Rudder Auth
1 Reduce Anspeed  Use Caution in Rudder Detlection
While at High Ao speed
2 Master Reset Depress 10 Sec
3 1t Fault Remains. Limit Rudder Above 250 KIAS 1o+ 10
4 Landing Possible Limited Rudder & NWS
X Spoilers
1 Neutrali e Latecal Contro
2 Master Reset Depres
It Fault Remains
3 Avorde Abrupt Lateral Control & High Roll Rates
Warning With Wings Forward of 57 Excessive Hor
Tail Ditterential May Cause Severe Stractural Damaqe
X Trans/Rect Failure
No Crew Action
X Wheels Not Down
Lower Landing Geay
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT'D)
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 MmD
| Inputs

MMD
Outputs

Ay

v

XXXXXXXXXXX

X
XX X X

Remote Warning Indication
Master Caution
MMD Fault & Course of Action
Integ Trim Failure - Use Manual Trim
L (R) Inlet &/or L(R) Ramp
1 Decel to<- 09 IMN
2. Avoid Abrupt Throttle Movements
3 Stow Attfected Ramip
4 Iilet Bamp Auto
It Ramp Fault Remains
5 Check for Hyd Faiture
Note  Ramp Blow Back 1s Enhanced by Ml
Power a1t 200 KIAS (Ramp 1) & by Idle
at 085 IMN (Ramp 3) With Inlet Switch
n Auto
6 Theottle (Bad Enqine) 80", ar Less
7 Land ASAP

1H ATTEMPTING AICS RESET (Inlet Fauit Only)

8 Decel to 05 IMN
9 Attected Ramp Stow
10 Attected AICS CB Cycle (LF2 or LG2)
Warning  If Caution Wing Sweep Fault is
Prosent, Cycling Right AtCS CB May Cause
Wings to Sweep
11 Inlet Ramp Auto
12 1t Inler Fault Remains, Stay = 09 IMN
Inlet Ice
1. Anti lee Switeh Onide
2. When Clear of lcing Cond, Select-Auto
| Ladder Unfatched
| 1o Anspeed Minimum
2 Aithorne Visible Inspection of Feasible
3 Land ASAP
Launch Bar
On Ground Take Appropriate Action
In Flight Do Not Retract Landing Gear
| Land ASAP .
Mach Trim
| 1 Master Reset Depress
] 2. Use Manual Trim
| Nav Computer Failure
1. Switch to IMU (NFO)
NWS Engaged
1f NWS is Not Desired, Depress Button

|
|

|
|

l on Stick Geip to Disengage NWS

NADC 77076-30
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TABLE 3. MMD INPUTS VS QUTPUTS (CONT'D)
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MMD
= Inputs
0000000 00 |8
(AR MDD D) =
o
REIunmy Ru[3
< € 9 € '€ = « <
$ZZsg23 383 MMD
Qutputs
Remote Warning Indication
XXXX XXX XX Master Caution
X X L (R) N10VSP
1. Throt Affected Engine - Idle
2. Nozzle Position - Check
3. Avoid Hi Power-Settings
4 Land ASAP
X X | L (R) St Valve
I it Airborne
1. Air Source - Off
2 Eng Crank Sw - Off
. 3 1t Fault remains - Land ASAP
4 It fault goes away, Air Source - Both
i 5 Land ASAP
i Caution: With Air Source Off, Stay
i Below 300 KIAS/0.8 IMN
It On Deck
1. Air Source - Oft
2. Throt Atfected Engine - Off
X X L (R) Oil Hot
p 1. Throttle Affected Engine - As High Fuel
Flow as Practical
2. Induce Shght Left Sideslip (R Rudder)
3. If Fault Remains After 1 Min, Throttle-Off
4. Land ASAP
5. Relight Engine for Ldg if Necessary
X X L (R) Qit Press. Low (Affected Engine)
1. Oil Press. 40 PSI at MIL,. Throttle - Idle
2. Oil Press. 35 PS| at Idle, or Engine
Vibration, Throttle - Off
3. If Shutdown Not Feasible, Set 78% RPM
4. Avoid High G or Large Throttle Movements
5. Land ASAP
X ARI Engaged

Disengage if Not Desired
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT’D)

NI

'$sald uige)
N0 "qeig Me A
dQ ‘geig mex

20

(0/V) PuD
oPAGY

opA gZ
20
opA O

OPAGY

oprQ
opn 82

10H PIUSM

20

SANoBU|

AT

MMD Inputs

MMD Outputs

x

Remote Warning Indication
Master Caution
MMD Fault & Course of Action
Windshield Hot
1. Wshld Switch - Off
2. Air Source - Off (Below 35,000 Ft)
If Fault Remains After Air Source is Off,
Indication is Faulty. Turn ECS on &
Land ASAP
3. Ram Air - INCR (< 300 KIAS/0.8 IMN)
4. Land ASAP
Yaw Stab. OP
1. Master Reset - Depress
2. If Fault Remains, Stay Below 0.93 IMN
YAW STAB. OUT
1. Yaw Stab. - Off
2. Master Reset - Depress
If Fault Goes Away - Reengage Yaw Stab.
If Fault Remains - Stay Below 0.93 IMN
IMU Failed (NFO)
1. Switch to AHRS
Cabin Press. (NFO)
1. Oxy Mask - ON
2. Cycle Press. Switch
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT'D)

'ss3id PAH qwo)
ssaid PAM 114

MMD
Inputs

20
20
aAnoeu)|

MMD
Qutputs

opr gz
apA gz
AADY

Remote Warning Indication
Master Caution
Fit Hyd Press. Low
If Approx 2100 PSI
1. Wing Sweep — 20°
2. Right Ramp (< 0.9 IMN) - Stow
3. Emerg Fit Hyd - High (Just Prior to Dirty Up)
Equip Inop: Normal Hook - Restored by WOW
4. Land ASAP
Note: Arrested Landing Requires Emerg Hook Ext
It Approx 0 PSI
1. Bi-Direct Pump - OFF
2. Wing Sweep - 20°
3. Emerg Fit Hyd Sw - High (Just Prior to Dirty-Up)
4. Equip Inop: R Glove Vane, ACLS, R AICS, and Norm Hook
(Restored by WOW)

5. Land ASAP
NOTE: Arrested Ldg Requires Emerg Hook Ext
Comb Hyd Press. Low |
If Approx 2100 PSI
X 1. Hyd lsol - Fit
NOTE: Monitor Aux Brks Gage, Tap Wheel Brake to Seat Priority
Valve if Press. is Decreasing
. Wing Sweep - 20°
. Left Ramp (< 0.9 IMN) - Stow
. Equipt Inop - None
. Emerg Fit Hyd - High (Just Prior to Dirty-Up)
Land ASAP
pprox 0 PSI
. Bi-Direct Pump - Off
. Wing Sw - 20°
. Equip Inop: L AICS, L Glove Vane, Emerg Gen, Aux Flaps, %
Inbd Spoilers, NWS, Gun Drive, DLC, Spd Brks, Norm Hook,
Hook Extend®, Flaps/Slats®, Ldg Gear *, Wheel Brakes®, Refuel Probe*
* Emerg Actuation Available
. Emerg Fit Hyd - High (Just Prior to Dirty-Up)
. Wheels - Emerg DN
. Flaps/Slats - DN (No Aux Flap)
Hook - Emerg DN
. Brake Hand Pump - Check
. Anti Skid/Spoiler Bk - Spoiler Bk (Otf for CVA)
. Arrest Land ASAP
After Landing:
11. Engines - Off
Stay in Arresting Gear

x
x X

>
WN—-POOEWLN

cComNOWV A
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT'D)

m
@
°
“w
MMD
e.U,’ '5 Inputs
& o
418
s |=
5 o
w
(7]
=3
o |»
=] [}
3B
36 MMD
2 Outputs
Remote Warning Indication
X Master Caution
MMD Fault & Course of Action
X Flap/Slat Malfunction

After Raising Handle-Flaps/Slats Not Indicating Up
1. Remain below 225 KIAS
2. Master Reset-Depress
3. Maneuver Flap Thumbwheel-Full Forward
If Fault Remains
4. FLAP Handle-Emerg Up
After Raising Flap Handle-Flaps/Slats Indicate Up
1. Remain Below 225 KIAS
2. Master Reset-Depress
3. Maneuver Flap Thumbwheel-Full Forward
If Fault Remains:
4. Flaps-Cycle
If Flaps Respond:
5. Master Reset-Depress
If Fault Remains:
6. Attempt to Sweep Wings to 25° (Manual Mode).
If Wings Will Not Sweep Aft of 20, Both Aux Flaps are not
Retracted & Limit Switches Are Not Made:
7. Remain Below 0.7 IMN (Maneuver Flaps & Auto Retract
May be Inoperative)
If Wings Will Sweep Aft of 20°:
8. Accelerate to 300 KIAS.
9. Attempt Wing Sweep Aft of 50° (Manual Mode).
If Wings Will Not Sweep Aft of 50°, Main Flaps Are Not Fully
Retracted:
10. FLAP Handle-Emerg Up
11. Reattempt to Sweep Wings Aft of 50
If Wings Still Will Not Sweep Aft of 50°:
12. Remain Below 0.8 IMN.
Note
If wings sweep aft of 50°, aircraft
flight envelope is unrestricted. Man
euver flaps & auto retract may be
inoperative.
After Lowering Flap Handle-Flap/Slats Not Indicated Down:
1. FLAP Handle-Emerg Down
After Lowering Flap Handle-Flap/Slat Indicating Down:
1. Wing Sweep-Check at 20°
(Allow 10 Sec for Auxiliary Flaps to Extend)
2. Master Reset Depress
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT'D)

E22
a<§
3w
c3wn
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39
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g MMD
Inputs
L =
=B
8 ’S
o <
= ©
| a
(@)
S
2%
Sz
| g™ MMD
® Qutputs
( Remote Warning Indication
X X Master Caution
& MMD Fault & Course of Action
| X Flap/Slat Malfunction

If Fault Remains:
3. Normal Landing
Note
Flap light may be caused by failure of
auxiliary flaps to extend, increasing approach
speed approximately 5 knots
After Using Maneuvering Devices
1. Master Reset - Depress
2. Maneuvering Flap Thumbwheel - Full Forward
If FLAP Fault Remains:
3. FLAP Handle  Emerg Up
If Flaps Indicate Up:
4. Wing Sweep - Aft of 50° (manual mode)
If Wings Will Not Sweep Aft of 50
5. Remain Below 0.8 IMN
Note
if wings will sweep aft of 507, aircraft flight
envelope is unrestricted. Maneuver flaps and
auto retract will be inoperative.

ASYMMETRY FLAP/SLAT LOCKOUT
Warning
Asymmetric flap extension can produce an uncontrollable rolling moment
The following procedures defeat the designed asymmetry protection and
therefore should be used when a shipboard landing is the only alternative
and tlap extension is required to remain within arresting gear limits.
1. Airspeed - Maintain Less Than 2256 KIAS
2. Maintain Wings - Level Flight
3. Aux Flap/Flap Contr CB - NFO PUII (7G3)
Warning
Failure to pull the AUX FLAP/FLAP CONTR cb before completing the
following steps may result in an uncontrollable pitch trim change due
to auxiliary flap extension or retraction
4. Flap Handle - Corresponding to Indicator
Caution
Placing the FLAP handle in either the full extend or retract position may

result in damage because the overtravel switch will be disabled |
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TABLE 3. MMD INPUTS VS OUTPUTS (CONT'D)

Es0P
2283
208 3
2853
oo Q<
=y =
LNt
%)
% v
MMD
> g » g Inputs
676 =
ea OE
&3 a ©
o /
o ?'2 o ;3 ‘1’>
= MMD
2 Outputs
X X Remote Warning Indication
X X Master Caution
MMD Fault & Course of Action
X Asymmetry Flap/Slap Lockout (Cont'd)
5. Flap/Slat Contr Shutoff CB - Cycle (RE2)
6. Slowly Move Flap Handle Toward Desired Position
If Flaps/Slats Respond, Nuisance Lockout Has Been Eliminated
7. Aux Flap/Flap Contr CB - NFO Reset (7G3)
8. Master Reset - Depress [
If Flaps/Slats Do Not Respond: {
7. Reposition Flap Handle to Match Indicator {
8. Flap/Slat Contr Shutoff CB - Pull (RE2) |
9. Slowly Move Flap Handle Toward Desired Position |
If Aircraft Rolls:
10. Move Flap/Slats Back to Where No Rolling Exists
If Aircraft Does Not Roll:
10. Stop Flap/Slat Travel Before Reaching Full Up or Full Down |
Caution
With the Flap/Slat Contr Shutoff CB Pulled.
No Overtravel Protection for the Flap/Stats Exists
11. Flap/Slat Contr Shutoff CB - Reset (RE2)
12. Land Utilizing 15 Units AOA
X Wing Sweep
1. Master Reset - Depress
2. If Fault Remains, One Channel Has Failed
X X Wing Sweep - Both Ch Failed

No Auto/Man. Control
1. Airspeed - Decel to < 0.9 IMN
2. Check Spider Detent Engaged
3. Master Reset - Depress
Wait 15 Sec - If Warn Indication Remains
4. Wing Sweep CB (2) - Pull (Wg Sw Drive No. 1 & 2, LE1, LE2)
5. Emerg Wing Sweep Handle - Comply With
< 0.4 IMN - 20°
< 0.7 IMN - 25"
< 0.8 IMN - 50"
< 0.9 IMN - 60
>0.9 IMN - 68'
Caution - Avoid ACM & Aerobatics
Before Ldg Use Flap Overtravel Position
To Insure Flaps Remain Fully Extended
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ANALYSIS OF F-14 SIGNAL DATA AVAILABLE TO MMD

The F-14 CAI sensor signals are discrete and, as such, indicate go/no go con-
ditions. Existing signals do not lend themselves to MMD type readouts where quanti-
tative information is desired in addition to go/no go information. For example, the
OIL PRESSURE indication is triggered ON if the oil pressure of either (or both) en-
gine(s) goes below 25 psi. Present circuits do not indicate whether the low oil pres-
sure condition is in the left, right, or both engines. In addition, the signal does not
indicate the oil pressure level. This example is typical of certain types of present
F-14 sensors used for the CAI, However, additional information is available to the
pilot, in most cases, at the individual gauges where quantitative information is dis-
played. Table 4 lists some of the existing F-14 gauges and indicators, along with the
implementation method., The signals derived and used to drive the gauges could also
be used to provide quantitative information for the MMD. These signals would be
processed and converted into digital words for the MMD. This could be accomplished
through use of the multiplex technique described in Task 3. Go/no go conditions
could also be determined from these quantitative signals by comparing the current
operating values with stored tolerance values. This eliminates the need for the pres-
ent discrete input signals for these parameters and then corresponding sensors could
be removed. In Table 4, those parameters for which corresponding, independent,
discrete signals are available to the MMD are shown with asterisks. Corresponding
signals for the remaining parameters are not presently available to the MMD. In
some cases the MMD will indicate a condition for which no quantitative value is re-
quired. For example, if an Ny Overspeed (L, R) condition should occur, the MMD
will furnish the sole indication of this condition to the pilot.

The majority of the existing sensor signals to the CAI, and those that will be
available to an MMD indicate malfunctions for which there is no associated quantitative
parameter. Typical of these are the flight control system sensors (Pitch Stab. 1,

Roll Stab. 1, etc.) and the CADC systems (CADC, Glove Vane, Wing Sweep, etc.).
In these cases, go/no go condition along with the course of action information dis-
played by the MMD appear to be adequate.

Due to the present status (advanced production) of the F-14 program, any air-
craft modifications as described above would have a serious cost impact. The cost

TABLE 4. POTENTIAL SOURCES OF QUANTITATIVE INFORMATION

Existing Gauge/Meter Location Method of Implementation
Hydraulic Press.” (Comb & Flt) L Knee Panel Synchro System

Flaps L Vert Console Synchro System

Oil Press.” (L & R) L Knee Panel Var Reluctance Bridge & D'Arsonval
Tachometer (Ny) (L & R) L Knee Panel Gen, Freq. Counter

Total Inlet Temp ( L & R) L Knee Panel Thermocouple

Fuel Flow (L & R) L Knee Pane) Analog Voltage, 0-5VDC

Nozzle Position (L & R) L Knee Panel Synchro System

Wing Sweep R Instr Panel Analog Voltage, 0-10\DC

*For these, there are corresponding but independent, discrete, go/no go signals presently available to the
MMD.
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impact would result from the change itself, as well as the impact of the change on
related activities and documents. This includes packaging and mounting of added cir-
cuits, modification to aircraft wiring, drawings, test plans and procedures, and
technical manuals, In addition, qualification testing would be required for any new
equipment.

Due to the expense of making aircraft changes, much effort has been expended
toward proposing a practical MMD that requires minimum modification to the exist-
ing F-14 aircraft, Therefore, with few exceptions, this study proposes to use avail-
able inputs as they exist.

During the analysis of available signals, it was discovered that in several cases
two sensor signals are combined into a single indication., This was done because of
lack of spare indicator circuits in the CAI. For the MMD, we are recommending the
separation of these signals, and the addition of several new signals. This will achieve
more specific fault indication and course of action instruction. These signals are listed
in Table 5, and the diagram of the wiring change is shown in Figures 25 and 26.

TABLE 5. PROPOSED MMD INPUT SIGNAL CHANGE

New Messages Old Messages
L NI OVSP L OVSP/Valve
L Start Valve L OVSP/Valve
R NI OVSP R OVSP/Valve
R Start Valve L OVSP/Valve
Fit Hyd Press. Hyd Press.
Comb Hyd Press. L OVSP/Valve
R Oil Press. Oil Press.

L Oil Press. L OVSP/Valve
Asymmetry Flap/Slat Lockout Did Not Exist
ARI Engaged Did Not Exist

REQUIREMENTS TO ADD COURSE OF ACTION

The present CAI indicates faults or malfunctions in the F-14, With its inherent
limitations, it performs this function very well. However, to know the proper action
to take for the various faults, the pilot must refer to his pocket checklist. This is time
consuming, and in some cases requires locating and reading several pages of procedure
for a single fault, If several faults occur simultaneously, or in rapid succession, the
workload would become overwhelming for the situation. Earlier in this report, the
primary functions of an MMD were discussed and are summarized here:

1. Alert the pilot to conditions which require attention

2. Inform pilot of the required action to be taken for the alerted conditions.
With this goal in mind, it is felt that a practical MMD can be generated by expanding
the existing CAI capability by making a few changes and adding course of action in-

formation to the display for each fault.

Adding course of action information creates the need for a memory (ROM),
along with the necessary control and display provisions. The size of this memory is
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determined by the total of all course of action information for each fault, In general,
the course of action information is taken from the Pilots Pocket Checklist, NAVAIR
01-F14AAA-1B. Due to the amount of procedure to be stored in the ROM, a 120K bit
storage capability is recommended. This includes a growth potential of about 20%.

Each input (fault) has an associated address. This address distinguishes a
given input from all others. It also identifies a location in memory (ROM) where the
associated block of course of action information is stored. If a fault condition is de-
tected on an input, the corresponding course of action information is read into a RAM
memory for display. This demonstrates the requirement for a RAM. The MMD RAM
would accommodate the following functions:

e Storage for the continually updated status of each input

e Storage for the fault history feature. This portion will be non volatile for
power shutoff

e Storage of control functicns (programs, etc)
e Provide the display refresh function.

It is estimated that 10K bits RAM storage capability is required. A microprocessor,
whose functions are listed below, is also required:

e Program the sampling and storage of status of each input during both normal
and test conditions

e lLocate the associated course of action information when a fault is detected,
and direct the loading of this information into the RAM for display

e Program and format the information to meet display requirements

e Perform all required logic functions to meet the MMD operational require-
ments

e Program the display control functions.
F-11 EQUIPMENT DELETED WITH ADDITION OF MMD

In the front (pilot's) cockpit the candidate equipments for removal if an MMD is
installed are:

e Caution Advisory Indicator 5.5 1b
e Wheels Warning Indicator and Mounting 0.5 1b
e Threat (DECM) Indicator and Mounting 0.5 1b
e [ire Warning Indicator (2) 0.2 1b
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One of the main reasons for adding an MMD to the F-14 is to replace the
various caution and warning indicators scattered about the cockpit with a centralized
unit for displaying this information to the pilot. To ensure that in making such a
change, capability is not lost, locatio™~ of the new display is of prime importance.
Ideally, it should be located within a 3U° cone of vision (where the scattered indi-
cators are located) described by a 15° angle rotated about a line from the design eye
of the pilot to the top center of the instrument panel, The AIDS cockpit layout shown
in Fig. 27 shows an attempt to achieve this location for the MMD. The reason for
this location is to provide heads up acquisition of displayed information. Any devi-
ation from this location sacrifices capability. In addition, some means of ensuring
that messages do not go unnoticed is required, creating the need for a master caution
indicator. After much consideration, it appears that the installation, which has the
least impact on the cockpit, and in fact, appears to be the only practical location, is
an enlargement of the area presently occupied by the CAI in the pilot's cockpit. This
location has to some extent influenced the MMD design.

The suggested elimination of dedicated warning indicators particularly in the
front cockpit, was met with considerable opposition from the Human Factors Group.
The reason for this is that these indicators provide heads-up indication of warnings,
which no practical location of the MMD in the F-14 cockpit can provide. This could
be a crucial factor in combat or during carrier landings. Therefore, it is suggested
that these indicators not be removed from the F-14 but left as they are if an MMD is
installed. This means that the MMD would replace only the CAI in the front cockpit.

In the rear (NFO's) cockpit, the candidates for deletion with the addition of an
MMD are:

1. Caution Advisory Indicator (CAI) 2,6 1b
2, Digital Data Indicator (DDI) 4.6 1b
3. Threat OECM) Indicator 0.8 1b

Incorporating functions of the rear cockpit CAI into an MMD does not in itself
involve any significant problem. Finding a practical location for the MMD in the rear
cockpit, however, is a major problem. Solutions to this problem are considered under
Implementation Problems.

The DDI could be replaced by the MMD. However, there are certain features of
the DDI which the MMD as presently conceived does not contain, These are:

e Certain types (Group 1) of messages can only be displayed one at a time, and
remain until another of the same type cancels and replaces the old message.

e Other types (Group 2A, B, and C) can be displayed one of each sub-group at
a time, however, they are self extinguishing after 30 seconds. Although the
MMD could handle these messages as coded, no internal timing is presently
provided. If the DDI was removed, the MMD would have to be modified to
include the required display timing. This feature is only needed in the rear
seat, The DDI is mission oriented while the MMD as proposed is aircraft
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oriented. The issue of mission vs, aircraft orientation as related to the
MMD should be investigated further, All 40 messages presently displayed
on the DDI are advisory in nature.

The situation involving the Threat Indicator in the rear is similar to that in the
front. The present location is excellent. Any practical location of the MMD in the
rear cockpit would be a poorer location for display of these warnings. The existing
indicator contains both warnings and cautions, some of which are classified. However,
all of the messages can be displayed on the MMD without difficulty. As mentioned in
the situation regarding the front cockpit, our Liuman Factors Group takes a dim view
of eliminating the existing dedicated warning indications with the installation of an
MMD. However, it would appear that the "heads up'' requirement for warning indi-
cation in the rear cockpit is not as critical as for the front cockpit, since the pilot is
flying the aircraft and the NFO is not.

SUMMARY OF WEIGHT, VOLUME, AND POWER DELTAS

The CAI uses a maximum of 212 watts of power from the aircraft's 28 vde supply.
[t is estimated the MMD will require approximately 300 watts. This represents an
increase of about 88 watts, The front cockpit CAI weighs 5.5 1b and has a volume of
191 cu in. The MMD as proposed consists of a display unit and an electronics package.
The weight of the display unit is 12 Ib with a volume of 394 cu in. The electronics
package weighs 10 lb, and has a volume of 189 cu in. The totals for the two units are
22 1b and a volume of 583 cu in. The weight and volume increase because of the MMD
will be 16,5 1b and 392 cu in,

The MMD as proposed, provides for only the CAI to be eliminated and replaced
by the MMD, and in the front (pilot) cockpit only. Elimination of the discrete warning
indicators (Wheels, Threat, and Fire) would reduce the weight differential by approxi-
mately one pound. However, this is not recommended.

MMD DESIGN

A functional block diagram of the MMD is shown in Figure 28. A description of
the functions of each block shown in the diagram follows:

Interface
The interface block contains circuits to perform the following functions:
1. Sampling of inputs‘
2. Signal conditioniné

3. Disabling of normal input information and application of test inputs during
test conditions,

Input sampling is accomplished by use of a Data Selectors/Multiplexer such as shown

in Figure 29, The microprocessor programs the sequence of input signal addresses to
be decoded by the Data Selector, thereby enabling each input in sequence, If the one of
eight type of Data Selector is used, ten units will be required to accommodate all input
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Figure 29. Data Selectors/Multiplexers
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signals. Since each of the ten, one of eight Data Selectors must also be selected in
sequence, additional bits will be included in the address word for this purpose.

To achieve uniform go/no go criteria for all of the input signals, signal con~
ditioning is required. The input signals contain the following types of go/no go
criteria:

Go (inactive)/No Go (active)

e Open Circuit/+28v

e +1,5V/0OV

e Ground/Open Circuit

e Open Circuit/Ground

e Sat, Transistor/Cutoff Transistor.

The following types of input conditioning circuits can be used to achieve the de-
sired uniform go/no go criteria:

Input types

Open Circuit/+28VDC
+5V

+5V/0V

+4,5V/0OV, Sat. Trans/CO Trans

+6V

*

r—D—o +5V/0V

*Inversion Required

(3}
o

P
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Ground/Open Circuit

+5V
*
o- 0 o—1>—4 +5V/0V

Open Circuit/Ground

+6V

+5V
*
o--D——o +5V/0V
: 1

*Inversion Required

Display Circuits

The display circuits convert the contents of the RAM for display of alphanumeric
information, position this information on the CRT, and generate the display refresh at
a rate of 60 times per second,

Microprocessor

The microprocessor is the heart of the system, It programs the sampling of
inputs both during normal and during test conditions, detects and stores faults, and
identifies the block of data in ROM that should be displayed. When a fault is detected,
the microprocessor, depending upon the input being sampled, locates the position in
the ROM where the appropriate fault and course of action information is stored. The
microprocessor then causes that block of information to be transferred into the RAM
for display. The microprocessor also performs the necessary logic to establish display
priority, and generates all necessary timing signals.

Display

The display is the actual readout for all messages to be furnished to the pilot, A
CRT type display seems to be the most practical approach at this time because it rep-
resents a tried and proven approach to the man-machine interface for data presentation.
A keyboard with both function and numeric keys is provided to allow various display
selection and cancellation.

The block diagram (I'igure 28) shows a data bus that is not required for the 1"-11
application. It is included for flexibility and compatibility with the other AIDS displays.
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ROM

The ROM is the data bank for all fault and course of action information. In ad-
dition, any other read only type of information such as pre-takeoff and landing check-
list information would be stored here, should it be desired that this feature be in-
cluded in the MMD, As proposed, no such checklist information is included in the
MMD. As indicated elsewhere in this report, the ROM will require 120K bits of
storage for the fault course of action information.

RAM

The RAM contains the refresh memory for the block of data being displayed on
the CRT at any given time. The RAM also contains the status information for each
input. In addition, fault history information is contained in a non volatile portion of
the RAM. Finally, the RAM contains provisions for any required temporary storage
of information for such purposes as are required for the operation of the MMD as pro-
posed. The RAM capacity has been tentatively estimated at 10K bits.,

Display Design

The proposed MMD design makes use of a standard CRT. The tentative deci~
sion to use a CRT was made for the following reasons:

e Considering the flat panel readouts such as liquid crystal, LED, Plasma,
etc., it appears that the liquid crystal is the only one considered to have
sufficient contrast ratio under high ambient lighting conditions to allow
usage in the F-14 cockpit.

e The liquid crystal display shows promise for overcoming the 'washout'
problem inherent in all CRT displays. However, the present ''state-of-the-
art' is such that the liquid crystal would represent a high risk approach.

In addition, character size and display capability may be a problem, It is
our understanding that the liquid crystal display being developed by Hughes
measures 5 in. x 8 in. and provides 10 lines of 16 characters each for a total
of 160 characters. In view of the vast amount of data required for the FF-11
MNMD (e.g.= 1,000 characters contained in the hydraulic system checklist)
and with a desire to hold multiple pages of information to a minimum, it is
believed that the CRT has a decided advantage because, as shown beiow, more
than 800 characters can be displayed on the proposed IF'~14 MMD. In the
future, should the advantages of the liquid crystal display outweigh those of
the CRT, our approach has the flexibility to take advantage of the improved
liquid crystal technology.

The proposed MMD design uses a CRT type KC 2739P that is 4} in. x 5} in., and has
an overall length of 7} in. A | in. area around the CRT is allowed for packaging.
This CRT provides a usable display area of 4 x 5 in. A tradeoff of several acceptable
character sizes and line spacing is shown:

-

H4
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Character Line Lines Char/ Total
Height, in. Space, in. Displayed _Line Char
3/16 1/8 16 24 384
3/16 1/16 20 24 480
1/8 1/16 26 34 884

It is estimated that the distance from the pilot's eye to the MMD is about 36 in,
with the proposed MMD mounting in the Pilot's Right Side Console. With this in mind,
it appears that 1/8 in. high characters with 1/16 in. spacing are acceptable. In fact,
the present CAI in the same location uses 1/8 in, high characters. However, a
greater margin of readability is provided by the use of 3/16 in. characters with 1/8 in.
line spacing. This is the recommended combination., This character size provides
an advantage in message acquisition, particularly during time of Pilot high work load-
ing. In either case, character width shall be 3/5 of character height, except for the
"I'" which shall be one stroke width, and the '""M', and '""W'", which shall be 4/5 of the
height. Stroke width shall be 1/6 the height of the characters. Character spacing
shall be one stroke width minimum. Word spacing shall be one character width, Ex-
amples of displays using different character heights are shown in Figure 30,

RECOMMENDED FORMAT FOR DISPLAY OF INFORMATION

The recommended approach for getting the required MMD messages to the pilot
is the automatic display of fault and course of action, in page format for all detected
faults, The fault will be listed at the top of the page. The required action to be taken
will be listed beneath the fault. Examples of typical fault .ne\s'sages are shown in
Figures 31 through 34. Of the approaches considered, such as recorded messages,
and supplying course of action manually if needed, this approach gets the message to
the pilot in the least amount of time and with good reliability. The recorded voice
message approach is subject to background noise interference. The manually selected
course of action, when needed, is slower than the automatic display. Also, there
may be a tendency for the pilot to resort to memory instead of the checklist. Auto-
matic display of this information will lessen this tendency, reducing the chance of
error,

Actual photographs of simulated displays are shown in Figures 35 through 38.
These displays were simulated using equipment that does not provide the checks (V)
and arrows (<) to indicate status as outlined in this report. In these photographs,
+, and <<<symbols are used to indicate go, and no go conditions, respectively, Fig.
25 shows an All Systems Summary indicating a faulty Flight Control System.
Selecting the Flight Control System would result in the display shown in Fig. 36 indi-
cating the faulty subsystem — in this case, Roll Stab, 1 and 2, Figs. 37 and 38 show
the message that would result if the Fault pushbutton was depressed.
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WARNINGS
FUEL SYS
CADC

ELEC POWER

-ENG INSTR

AICS

HYD SYS

ENV CONTR SYS
FLT CONTR SYS
AIRFRAME SYS
NAV SYS

MISC

Figure 35. All Systems Summary
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ROLL STAB 1 AND 2 FAILED

AIRSPEED - DECEL TO STAB
LIMITS

PITCH NOT RESTRICTED
ROLL - ©.93 IMN

WAIT 1@ SEC FOR SELF TEST

RECHECK FAULTS

IF ONE FAULT (1 OR 2) GOES
AWAY, RESET STAB AUG - NO <
LIMITS

IF BOTH FAULTS REMAIN
LEAVE STAB AUG OFF J
STAY BELOW STAB LIMITS

CON’'T NEXT PAGE

o

Figure 37. Fault Caution and Course of Action Display (Page 1)
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ROLL STAB 1 AND 2 FAILED

WARNING : .
DO NOT ENGAGE ACLS OR DLC

Figure 38. Fault Caution and Course of Action Display (Page 2)
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SHOPPING LIST OF COMPLEXITY VS AMOUNT OF INFORMATION DISPLAYED

The following is a list of levels of complexity required for the MMD to achieve
greater capability:

Design an MMD using the CAI interface as it exists in F-14, This would
provide the simplest and most economical MMD. Basically the difference
between this MMD and the CAI would be the display of course-of-action in-
formation.

Make minor modifications to the interface signals. Capability is increased
resulting in some decision making, more specific fault indication, and,
therefore, display of more effective course of action information. This is the
proposed MMD,

Add Hydraulic Checkout Feature (HYCOS). This is covered in this report,
and is a recommended addition to the proposed MMD design.

Add new sensors (Table 4) and multiplexing as outlined in Task 3.
- This would provide quantitative information on these parameters.

- Wiring would be reduced and MMD design simplified. This is discussed
in this report and is a major modification.

Add Audio Cues and/or Voice Messages

- Potentially, tones can result in faster reaction times than visual cues.
However, they can be troublesome because they can be interfered with or
masked by other tones or sounds, resulting in missed cues.

- Recorded voice messages alone result in slower reaction times when
compared to indicator lights, However, combining the two (indicator
lights with recorded messages) should result in improved reaction times
when compared to indicator lights alone. Care must be exercised in the
use of audio cues, particularly in the use of tones. The use of recorded
messages in combination with visual cues has merit. However, Grumman
is not proposing the use of these, or any additional audio cues beyond those
already in use in the FF-14,

An MMD could be adapted to provide Onboard Checkout (OBC) types of infor-
mation. The FF-14 already has an OBC, but the capability is there.
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TASK 3 |

Task 3 contains the following:

=

e Description of operation

e Summary of implementation problems

e Additional hardware requirements

e A profile showing the proposed location of the Electronics Unit of the
MMD

e Recommendations.

The F-14 MMD Specification has been included in this report as Appendix A.
This will allow this specification to be used apart from this report as a separate
document. A summary of weight, volume, and power changes is included in Task 2.
The Avionic Boilerplate Specification, F-14A-BP-68-1K, is included as Appendix B.

DESCRIPTION OF OPERATION

Operation and design of the MMD has been largely influenced by the AIDS
philosophy of management by exception, and by the requirements of Mil-STD-411.
In keeping with the AIDS philosophy for a no-fault condition, the suggested approach
is to display nothing on the MMD. This approach, however, does allow for complete
manual systems status monitoring at any time by depressing the All Systems select
pushbutton. It might be pointed out that the present CAI system, and all existing
warning indicators on the F-14 use this same philosophy, nothing displayed for a
no-fault condition. This approach, along with the Built-In-Test (BIT) provisicas,
will provide the necessary high degree of confidence on the part of the crew for such
a ""management-by-exception' display. Regarding Mil-STD-411, it was question-
able whether this document should apply to an MMD since, in a strict sense, it was
written to cover lights and lighted legends, and not CRT displays. However, it does
outline the requirements for aircrew station signals of the type displayed on an MMD.
In addition, it applied to the CAI, which the MMD will replace. In this respect, it
is believed that with the exception of a few minor considerations such as color re-
quirements, the intent of this document could be met with a CRT display.

The categorizing of faults has been guided by MIL-STD-411, which defines
three fault categories based upon severity and required action by the crew. These
categories are warning, caution, and advisory in decreasing order of importance.
Briefly, warnings indicate the existence of hazardous conditions requiring immediate
action. Cautions indicate impending dangerous conditions requiring action, but not
necessarily immediate action. Advisories indicate safe or normal conditions

66

, w




ks gt 3 i b

o i Ny

|
3
.

NADC-77076-30

noteworthy of attention. With these factors in mind, an analysis of those advisory
indication, which should be displayed for the pilot, indicates that they should be
classified as cautions. If this is done, the category of advisory would be eliminated
leaving only warnings and cautions to be displayed on the pilot's MMD.

All detected faults of the warning or caution categories cause automatic display
of the fault and the prescribed course-of-action contained in the Pilot's Pocket
Checklist. In the case of cautions (majority), the Master Caution (MC) indication
is also triggered to alert the pilot to the caution message displayed on the MMD.
Since the recommended approach retains all of the existing warning indications in
the pilots cockpit (these are all located within the 30° cone of vision), a Master
Warning (MW) indicator is not necessary. The MC indication is required because
of the location of the MMD.

Manual displays are selected as follows: Depressing the All SYS pushbutton
causes the All Sys<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>